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COMPOSITIONS AND METHODS FOR THE SYNTHESIS OF 
NATRIURETIC PROTEIN RECEPTOR B AND METHODS OF USE 

BACKGROUND OF THE INVENTION 

mSm ^ n , m relates to natriuretic peptides Atrial). W and type C; and a neve. natiuretic 
peptide receptor B (NPRB) having binding affinity lor these peptides. The invention lurther relates to the 
synthesis and use of mammalian natriuretic peptide receptor B produced by recombinant means. 

^^Z^ZtZosL^ is controlled by several distinct but interrelated regulatory pathways mat 

n.odu.atebtoodpressure.t.uid volume .am^am^.O""^**^^**"* 
natriuretic peptide (AMP), a 28 amino add endocrine hormone that is released by ventfcular oocytes in 
response to elevated arterial blood pressure and increased intravascular fluid volume. 

Alpha atrial natriuretic peptide (aANP) or (ANP) and brain natriuretic peptide (BNP) and type C 
natriuretic peptide (CNP) are homologous polypeptide hormones invoived in the regulation of Md and electrolyte 
homeostasis (reviewed* 1. 2. and31). Tnesethree n^^*^^^*^«' 
stimulate theintracenu^production ol &u^m*^.U^^t~^»*"* 
natriuretic peptide receptors. A 60-70 kd ANP-C receptor (NPRC) is not coupted to cGMP production and may 
function m the dearance of AMP**. A 120-140 Kd NPRA receptor Is a membrane form of guanyiy. cyclase (GC) 
in which ligand bintf^g to the extract domain activates the cytoplasmic GC domain5.6. Previous biocherrucal 
evidence (reviewed in ref. 24) had not suggested tine presence of natriuretic peptide receptor-GC subtypes 
The Identification ol an additional receptor which would bind to the two natriuretic peptide Ggands. would mdicate 
a hitherto unappreciated complexity to this system. » such a subtype existed, it would then be possible to 
determine the role of each of the possible receptor-GCAigand combinations in cardiovascular regulation. 
Knowledge of the DN A encoding an additional ANP receptor would allow the recombinant production of novel 
receptor prole* and could be used in diagnostic hybridizafion procedures for the detection of novei mammafian 
receptorencodinggenes. novel receptor could be used to ^ 

other ligands which bind. 

ft is an object of the present invention to provide in commercially useful quantities, novel mammahan 
NPRB from a therapeutically acceptable source, most preferaWy human NPRB. It is an additional object to 
prepare amino add sequence and other variants of mammalian NPRB. Yet another object is to produce a DNA 
sequence encoding mammaBan NPRB whfchwill hybridize with naturafly occurring DNA sequences encodtng a 

ma in wia n 

NPRB Still another object is to produce antibody specific for NPRB. 

These and other objects ol the invention will be apparent from the specification as a whole. 
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SUMMARY OF THE INVENTION 

The objects of this Invention have been aoompOshed by methods comprising the identHicafion and 
Hnrirv, of the oene which codes for mammalian NPRB; determining the amino acid sequence of NPRB; 

^Z^n^pos^to^NP^ 

regulatory mdecdes.^ 

Thepresentir™.^ 

10 recombinant DNA technoiogy, including: 1) isdating. purifying, and identifying the structural iden^and the 

recepto, ArUaspedofthUIrM^^ 
15 hvDridtongwrfmbl^ericodlngmeNPRB. 

the NPHB receptor may contain associated carbohydrate to a greater or lesser extent when compared with 
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25 



30 



material obtained from tissue. . . . 

The NPfiB of this « indudes the mature receptor, and derivatives hdudlng: a) fuson prolans 
wherein the NPRB is Inked to other proteins by a peptide bond at the amino and/or carboxyl terminal amino adds; 
b) fragments of NPRB such as the extra-cellular domain or cytoplasmic domain, with or inserted or 

delated- andfer d) methionyl or modified methionyl arnlrc-termrnal addition denvatrves. 

^anolherasp^ 
Unities of mole^^ 
anatogWHrxJ^^ 

^affinities for NPRB in the region corresponding to the NPRB amino acds 75 to 102. am.o aads 4* to 
^Idthec^cyl^^ 

antibodies specific for NPRBL One more aspect of the present Invention is the use of NPRB or a fragment, for 1) 
affinity purification of known natriuretic peptides. 2) Isolation of novel natriuretic peptides, and 3) as a 
detecawe receptor for the quantitation of natriuretic peptides A, B. or C. 
thusttepresertir^ 

peptide receptor-^. the NPRB receptor. The NPRB receptor is preferential activated by pordne BNP ^ 
Zm as compared to human ANP, whereas NPRA receptor responds similarly to all natriuretic peptides. _ 
tL observations have important implications tor the central and peripheral control of Avascular 



hcntfioststsis. , 
A NPRB variant (1-433) lacking the guanytyl cyclase and protein kinase has been designated 

NPRBDKC. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A, B, and C illustrate the nucleotide sequence and the amino acid sequence of the human NPRB. 
Figure 2 A, B, and C illustrate the homologies of the NPRB with NPRA and NPRC. 
Figure 3 illustrates the natriuretic peptide stimulation of cGMP production by NPRB annd NPRB. 
5 Figure 4 illustrates competitive binding of three natriuretic peptides to NPRB. 

Figure 5 illustrates a Scatchard plot for the determination of the Kd for NPRB binding to pBNP. 
Figure 6 illustrates the dose response of NPRB to pBNP(26), rBNP{32), hANP(28) and hBNP(32). 
Figure 7BkB&ates the whole cell stimulation of human receptor subtypes NPRA and NPRB and control 
plasmid pRK to stimulation by ANP, pBNP, pCNP and hCNP, 
10 DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

Natriuretic peptide Receptor B (NPRB! refers to a mammalian polypeptide with a molecular weight 
about 1 1 5kD having the sequence of Figure 1 , together with analogs and variants thereof having the bilogical 
activity of mature NPRB. The biological activity or variant therof that contains guanyiyl cyclase (GC) activity and 
15 protein kinase activity or that possesses an Immune epitope that is immunologically cross reactive with an NPRB 
epitope. The proNPRB contains an N-terminal hydrophobic signal peptide of about 22 amino adds, an 
extracellular domain of about 443 amino acids which -binds to natriuretic peptides A, B and C, a transmembrane 
region of 23 amino acids, and a cytoplasmic domain of about 569 amino acids which contains GC activity and protein 
kinase activity. Also included in this definition are the variants of NPBR. 
20 fl aalBQS or variants are defined as molecules in which the amino acid sequence, glycosytation, or other 

feature of recombinant NPRB has been modified covaiently or noncovaiently. Therefore, variants may or may not 
have a molecular weight of approximately 11 5 kD. For example, glycosylated NPRB having the recombinant NPRB 
,. sequence wfll have a higher molecular weight on non-reducing SDS-PAGE. Amino acid sequence variants include 
not only alleles of the Fig. 1 amino sequence, but also predetermined mutations thereof. Generally, amino acid 
25 sequence variables have an amino add sequence with at least about 80% sequence identity, and more typically at 
least about 90% sequence identity, to that of the recombinant NPRB of Fig. 1. Henceforth, the term NPRB shall 
mean either the recombinant^ produced NPRB sequence, a variant form, or fragments representing biologically 
active site(s) within the molecule, unless other wise appropriate. Thus, included within the scope of the present 
invention is an NPRB having a human recombinant NPRB amino add sequence as defined in Fig. 1. Also Included are 
30 other mammalian NPRB sequences which include, for example, bovine, equine, porcine, ovine, canine, murine, ferine 
and the like, and biologically active amino acid sequence variants of NPRB molecules, including alleles and in-vitro 
generated covalent derivatives of NPRB that demonstrate its biological activity, such as the extracellular domain 
or the cytoplasmic domain, either one alone or with the transmembrane domain. 

Affinity chromtographv is a technique of molecular separation in which NPRB is attached to an insoluble 
35 (e.g., sepharose) matrix. Only those molecules which show affinity to the bound molecule (e.g., natriuretic peptide 
A, B, or C) are retained. The trapped molecules can be subsequently eluted to produce highly purified natriuretic 
peptide compositions. 



PCT/US90/03586 

WO 91/00292 

.4 

amino 7* Lence of the NPR is shown in Figure 1. This sequence represerrts a compiete transcnp. «e 

hvdroDhoWc sicjnal peptide^ of 22 amino adds. Beginning with residue Arg +1, the mature NPRB receptor amino 

" r„^cy^domainexte*s 
tor 569 ammo acids and has one potential linked g^sytafion site and 9 cysteine res-dues. 
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ripfines a aene femfly of natriuretic peptide receptors. 

C^4% identity between the intraceiMar domains o, the NPRB (568 residues) and the NPRA 

(^residues). TNs region may be subcfivided^ 

tor ttis **» in the regutebon o« NPRB and NPRA receptors. A direct eHect o, amiionde. a potent d*reb* on 
c ^aTl i r fl o»»eKd«orANPl0.1l. ^.aisea^pe^^terof ATP^to 

homotogy domain of the NPRB and NPRA receptors may define the structural basis for a regulatory allostenc 

252 residues of the NPRB are 88% idertfcai to the NPRA sequence. This cyclase 
homology ^m^^^«^^^^^^^^lT 
t*ice repeated motif in the bovine adenyly. cydase". The structure, homotogy and functional smt-ianty tureen 
^pn^Le..^ 

that this conserved region contains the active site of these enzymes. 
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■fl ^ ip Rnpcifi rity of NPRB 

Screening a variety ol high complexity Igtio cDNA libraries for NPRB (Example 3. Figure 1) and 
NPRA* cDNA clones suggests deferences in the tissue distribution of the mRNA for these two receptors. 
Whereas only NPRA cDNAs were ctoned horn a human kidney cDNA ibrary 19 (complexity: 5x10* clones), and 
porcine atriuni23 (complexity; 2.5x10 9 clones). CDMA's for both receptors were cloned from a human kidney cDNA 
library 19 (complexity; 5x10* clones), cDNA's for both receptors were cloned from human pituitary 2 " and 
placental 21 cDNA libraries. The isolation of only NPRB cDNA* from human fetal brain* 2 (complexity; lixlO 9 
clones), and prodne atrium23 (complexity; 2.5x 10 9 clones) cDNA libraries Indicates that the NPRB is the 
predominant natriuretic peptide receptor-GC m these two tissues. The isolation of a rat NPRA cDNA from a rat 
brain library 9 would seem to indicate that this receptor is also present in the brain. Alternatively, this finding may 
represent a difference between human and rat for NPRA distribution. In situ hybridization with natriuretic 
peptide receptor cDNA's should resolve the species spedfic differences In expression of these receptors. 

Previous biochemical evidence (reviewed in ref. 24) had not suggested the presence of natriuretic 
peptide receptor-GC subtypes. The identification of two receptor -GC's. each with three natriuretic peptide 
15 ligands. reveals a hitherto unappredated complexity to this system. It is now possible to determine the role of 
each of the six possible receptor-GC/ligand combinations in cardiovascular regulation. Our data on the activation 
of NPRB and NPRA receptors second-messenger cGMP production, together with the apparent specific 
expression of the NPRB in some tissues, suggests differential multifactorial control of hypotensive functions. In 
addition, the expression of BMP and ANP may each be subject to different forms of control™. The isolation of 
20 NPRB cDNA's exclusively from a human brain cDNA library indicates that this receptor may be the main mediator 
of natriuretic peptide action in the central nervous system (CNS). BNP is more widely distributed in ihe rat 
CNS than ANP. with distinct and non-overlapping CNS distribution for these hormones 29 . These observations 
suggest neuromodulatory functions for BNP beyond the central control of cardiovascular homeostasis 29 . 
The teleloglcal reasons for different natriuretic peptidefteceptor systems In the CNS and some 
25 peripheral tissues are not apparent given the role of cGMP as a second messenger of natriuretic peptide action 1 . 
According to this hypothesis the differential action of natriuretic peptides in target tissues would be through the 
expression of different cGMP targets such as a cGMP gated kidney cation channel 2 ?, a cGMP regulated 
phosphodiesterase 29 , and the activation of cGMP dependent protein Wnanse 29 together with the tissue spedfic 
expression of kinase substrates. Along with this way of expressing different tissue responses to natriuretic 
peptides, the NPRB and NPRA receptors could be subject to different patterns ol regulation, or they may each 
have additional different signal transduction pathways that are biochemically distinct from cGMP as a second 
messenger. These possibilities may be reflected in the less conserved (63% identity) kinase homology region, as 
opposed to the highly conserved (8B% identity) cydase homology region of these two natriuretic peptide 

receptors. 
35 Variants at NPRB 

A. Amino add variants 

Derivatives and amino add sequence variants of NPRB are useful for their biological activity as it 

relates to therapeutic utility, as is set forth elsewhere herein. 



30 
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r ibiw modifications of an NPRB are included within the scope of this invention. VariantNPRB 

zxzzz****** — . — — ■ 

^ *k- nf hfstne as wel as me argirtne epsaon-amino group, 
c^tormnrp thefifl reaoents may read with the groups of lysine as wei « 

« these residues falls within the scope of this invention. . nnifit . 
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acetylalion of the N-tem>inal amine, and, in some instances, amidation of the C- terminal carboxyl group. 

B. Mutations in the DNA encoding NPRB 

Amino acid sequence variants of NPRB can also be prepared by mutations in the DNA. Such variants 

include, for example, deletions from, or insertions or substitutions of, residues within the amino acid sequence 
5 shown in figure 1. Any combination of deletion, insertion, and substitution may also be made to arrive at the final 

construct, provided that the final construct possesses me desired activity. Obviously, the mutations that will be 

made in the DNA encoding the variant must not place the sequence out of reading frame and preferably win not 

create complementary regions that could produce secondary mRNA structure (see EP 75.444A). 

At the genetic level, these variants ordinarily are prepared by site<f reded mutagenesis of nucleotides 
10 in the DNA encoding the NPRB. thereby producing DNA encoding the variant, and thereafter expressing the DNA 

in recombinant cell culture. The variants typically exhibit the same qualitative biological activity as the naturally 

occurring analog. 

While the site for introducing an amino add sequence variation is predetermined, the mutation DSL Sfi 
need not be predetermined. For example, to optimize the performance of a mulafen at a given site, random 

15 mutagenesis may be conducted at the target codon or region and the expressed NPRB variants screened for the 
optimal combination of desired activity. Techniques for making substitution mutations at predetermined sites in 
DNA having a known sequence are well known, for example, site-specific mutagenesis. 

Preparation of NPRB variants in accordance herewith is preferably achieved by site-specific 
mutagenesis of DNA that encodes an eariier prepared variant or a nonvariant version of the protein. Site-specific 

20 mutagenesis altows the production of NPRB variants through the use of specific oligonucleotide sequences that 
encode the DNA sequence of the desired mutation, as well as a sufficient number of adjacent nucleotides, to 
provide a primer sequence of sufficient size and sequence complexity to form a stable duplex on both sides of the 
deletion junction being traversed. Typically, a primer of about 20 to 25 nucleotides in length is preferred, wifh 
about 5 to 10 residues on both sides of the junction of the sequence being altered, m general, the technique of 

25 site-specific mutagenesis is well known in the art. as exemplified by publications such as Adelman fitaLPNA fc 
183 (1983). 

As will be appreciated, the site-specific mutagenesis technique typically employs a phage vector that 
exists in both a single-stranded and double-stranded form. Typical vectors useful in sUfrdirected mutagenesis 
include vectors such as the M13 phage, for example, as disclosed by Messing flirt ,, TIM Ctevelfflirl SvmPPSitffl m 

30 M „ mT n la c,iP S anr< p^mhinant DNA Editor A. Walton, Elsevier. Amsterdam (1981). These phage are readily 
commercially available and their use is generally well known to those skilled in the art. Alternatively, plasmid vectors 
that contain a single-stranded phage origin of replication (Veira ptal MfittL FtHMML m 3 11987J) may be 
employed to obtain angle-stranded DNA. 

In general, site-directed mutagenesis in accordance herewito is pen^rmed by firet obtaining a single- 

35 stranded vector thai includes within its sequence a DNA sequence mat encodes the relevant protein. An 

oligonucleotide primer bearing the desired mutated sequence is prepared, generally synthetically, for example, by 
the method of Crea fitaL BBC Mall Ar.ad.Sci. (USA), 25: 5765 (1978). This primer Is then annealed wilh the 
single-stranded protein-sequenoe-containlng vector, and subjected to DNA-polymerizing enzymes such as E*£Qli 
polymerase I Klenow fragment, to complete the synthesis of the mutation-bearing strand. Thus, a heteroduplex is 
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formed wherein one strand encodes the original no-vmutated sequence and the second strand bears the desired 
mutefioaTOs h^roducfex vector is then used to transform appropriate cells such as JM101 cells and clones are 
selected that include recombinant vectors bearing the mutated sequence arrangement 

After such a ctone is selected, the mutated pmtein region may be removed and placed In an appropriate 
5 vector for protein production, generally an expression vector of the type that may be employed for 
transformation <rf an appropriate host 
C. Types of Mutations 

Amino acid sequence deletions generally range from about 1 to several hundred residues, more 
preferably 1 to 30 residues, and typically are contiguous. 

10 Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions of from one residue to 

polypeptides of essentially unrestricted length, as well as Wrasequence insertions of single or multiple amino add 
residues. Intrasequence insertions (Li, insertions within the mature NPRB sequence) may range generally from 
about 1 to 10 residues, more preferably 1 to 5. 

The third group of variants are those in which at least ore amino acid residue in the NPRB molecule, and 

15 preferably onJy one. has been removed and a different residue toserted in its piace. Such substitutions preferably 
are made in accordance with the following Table 1 when it is desired to modulate finely the characteristics of a 
NPRBmotecufe For examples 4 m ***em**.tmtom**hMrn l WFB*mmtmtmlrt»* 
amino acids found in analogous positions in rat NPRB thereby resulting in increased activity. 

20 primal Rp«ddue Fxpmnlnry^fhslitiiliPns 





Ala (A) 


giy;ser 




Arg (R) 


lys 




Asn (N) 


gln;Ns 




Asp (D) 


gfu 


25 


Cys (C) 


ser 




Gtn(Q) 


asn 




Glu(E) 


asp 




6ly(6) 


ala;pro 




His (H) 


asn; gin 


30 


lle(l) 


leu; val 




Leu (L) 


He; val 




Lys (K) 


arg;gln;glu 




Met(M) 


leu; tyr, Be 




Phe{F) 


met; leu; tyr 


35 


Ser (S) 


thr 




Thr (n 


ser 




Trp (W) 


tyr 




Tyr (Y) 


trp; phe 




Val (V) 


is; feu 
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Substantial changes in function or immunological identity are made by selecting substitutions that are 
less conservative than those In Table I, Le., selecting residues that differ more significantly in their effect on 
maintaining (a) the structure of the polypeptide backbone in the area of the substitution, for example, as a sheet 
or helical conformation, <b) the charge or hydrophobic^ of the molecule at the target site, or (c) the bulk of the 
side chain. The substitutions that in general are expected to produce the greatest changes in NPRB properties 
will be those in which (a) glycine and/or proline (P) is substituted by another amino acid or is deleted or inserted; 
(b) a hydrophilic residue, e.g.. seryl or threonyt. is substituted for (or by) a hydrophobic residue. e.g.. leucyl. 
isoleucyt, phenylalanyt, valyt. or atanyt; (c) a cysteine residue is substituted for (or by) any other residue; (d) a 
residue having an electropositive side chain. e.g.. lysyt, arginyl. or Uridyl, is substituted for (or by) a residue 
having an electronegative charge. e.g.. glutamyl or aspartyl; or (e) a mddue having a bUky side chain. e.g.. 
phenylalanine, is substituted for (or by) one not having such a side chain. e.g- glycine. 

Most deletions and insertions, and substitutions in particular, are not expected to produce radical 
changes in the characteristics of the NPRB molecule. However, when it is difficult to predict the exact effect of 
the substitution, deletion, or insertion in advance of doing so. one skilled in the art wfll appreciate that the effect 
15 wfll be evaluated by routine screening assays. For example, a varianttypfcalty is made by sfe«pecific mutagenesis 
of the native NPRB-encoding nucleic add, expression of the variant nucleic acid in recombinant cell culture, and. 
optionally, purification from the ceD culture, for example, by immunoaffinity adsorption on a rabbit polyclonal anti- 
NPRB column (to absorb the variant by binding it to at least one remaining immune epitope). 

Since NPRB may aggregate into dimers. it is within the scope hereof to provide hetero- and 
20 homodimers. wherein one or both subunits are variants. Where both s^unte are variants, the changes in amino 
acid sequence can be the same or different for each subunit chain. Heterodimers are readily produced by 
cotransforming host cells with DNA encoding both subunits and. if necessary, purifying the desired heterodimer, 
or by separately synthesizing the subunits. dissociating the subunits (e.g., by treatment with a chaotropic agent 
such as urea, guankflne hdyrochloride, or the like), mixing the dissociated subunits. and then reasserting the 
25 subunits by dialyzing away the chaotropic agent. 

The activity of the ceO lysate or purified NPRB variant is then screened in a suitable screening assay for 
the desired characteristic For example, changes in the level of natriuretic peptide activity by the candidate 
mutants are measured by the appropriate assay. Modifications of such protein properties as redox or thermal 
stability, hydrophobicity. susceptibility to proteolytic degradation, or the tendency to aggregate with carriers or 
30 into multimers are assayed by methods well known to the ordinarily skilled artisan. 

One variant of NPRB comprises NPRBDKC which contains amtto adds l-433of Figure l but which has 
the guanytyl cyclase, protein kinase and transmembrane regions deleted. Another variant is NPRB which contains 
the following substitutions from the rat NPRB: Pn>B55. GIU656. 1*U663. P»»644 and Ala682- 
R ftftnmhinant F ission of NPRB 
35 To examine the biochemical properties of the NPRB receptor, we constructed and expression vector in 

which the coding sequence was placed under the transcriptional control of the cytomegalovirus immediate^ 
promoter (Example 3, Table 2). The NPRB expression vector was transfected into COS-2 cells in a transient 
expression assay and the detergent solubiized guanytyl cydase activity of a membrane fraction was measured 
(Table 2). Cells transfected with the NPRB expression vector had about eleven-told higher guanylyl cyclase 
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NPRB « NPRA MU. spec** ■»* M fcM n» l"^ -* •* 3-» — l' 25 '- 

than f 125 n-ANP (Table 2). 

UgarxWependent activation of the cytoplasmic GC domains of the human NPRB and NPRA receptors 
was examined in transient expression whote-cell stimulation assays. Cells expressing the NPRA responded aike to 
stimulation by either ANP or pBNP. witii a 1 5 to 24o!d increase in cGMP produced over control Wansfe** Jce»s 

LZsized as compared to control trensfectod celte. Quite strikingly, pBNP gave a 9.7 fo!d increase ,n cGMP for 
At© NPRB over pBNP treated control transtected cells (Rgure 3. B and C). The pBNP ligand is 6.4-fold more 
effective that ANP to the activation of NPRB GC activity. Human B natriuretic peptide (hBNP) is compared 
with ANP in the whole cell stimtfation assays. We note mat there is onry 70% identity between human and porane 
15 BNP*opposedtothe«ghseo^»^^^ 

" predicted amino acid sequence from a partial porctoe NPRB cDNA to the human NPRB reveals 99% Entity tor 
735 residues, the response of these receptors to their homologous BNP Itoands is different Nevertheless, the 
US eofpBNPandANPa>towsp te 

20 aCt,Vaton The NPRB molecule desired may be prepared by any techno, Including recombinant methods. 

" utewise an isolated DNA is understood herein to mean chemcaly synthesized DNA. cDNA, chromosomal, or 

extracr^mosomal DNA with or without any 5Mlanktog region. PreferaWy. the desired NPRB herein is madeby 
synthesis in recombinant cei c^ using such methods as described In Current Protocol » Motoul* Brotogy. 
Vollandi John Wiley & Sons, New York, (1989). 

25 Fer such S ynthesis,itisfirstr^ 

NPRB molecule may be obtained from a source of oris thought to make human NPRB by (a) preparing a cDNA 
Ubrary from these cells, (b) conducting hybridization analysts** labeted DNA encoding NPRB, NPRA or 
fragments thereof (up to or more than 100 base pairs in length) to detect dones In toe library contarrwrg 

h^ussequences,^ 
30 identity frJ-length clones. DNA that Is capable ot hybrid!*, to a NPRB encodtog DNA under tow storey 
aoMUmU**^™*^™* Both high and low stringency conditions are defined 
further below. I MWength clones are not present in a cDNA library, then appropriate fragments may be 
recovered from n^e vartous clones usir^ 

restriction sites common to the ctones to assemble a hiMength done encoding toe NPRB. Alternative*, genomic 
ittanes will provide the desired DNA. The mature portion of the NPRB is deaved and the remaining precursor 
pc^ontotheF^nerndoyedhereto. The sequence of the DNA encoding human NPRB that was ultimately 
deterntir^feshov^ 

repficabie vector for further cloning or for expression. 



35 
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h one example of a recombinant ex^ession system a NPRB encoding gene is expressed in mammalian cells 
by transformation with an expression vector comprising DNA encoding the NPRB. It is preferable to transform 
host cells capable of accomplishing such processing so as to obtain the NPRB in the culture medium or periplasm of 
the host cell, Le.. obtain a secreted molecule using a signal peptide appropiate to the last cell employed, including 
the native APRB signal. 
Ifrifffllir^ 1 " anriVflctors 

The vectors and methods disclosed herein are suitable for use in host cells over a wide range of 

prokaryotic and eukaryotic organisms. 

In general, prokaryotes are preferred for initial cloning, amplifying, or storing the vectors of interest 
Vector DNA is easily obtainable from certain prokaryotes. LM K12 strain MM 294 (ATCC No. 31.446) is 
particularly useful for this purpose. Other microbial strains that may be used include L CflE strains such as 
B andE.fiflLX1776 (ATCC No. 31337). These examples are, of course, intended to be illustrative rather than 
limiting, 

Prokaryotes may also be used for expression. The aforementioned strains, as well as E.cali strains 
W3110 (F. lambda-, prototrophic. ATCC No. 27,325). K5772 (ATCC No. 53.635). and SR101. bacilli such as 
BBfllUS subtilis. and other enterobacteriaceae such as SalDlSDSia typftifnUflum or SfttTfltia marcesans , and various 



hi general, plasmid vectors containing repHcon and control sequences that are derived from species 
compatible with the host cell are used in connection with these prokaryotic hosts. The vector ordinarily carries a 
20 replication site, as well as marking sequences that are capable of providing phenotypic selection in transformed 
cells. For example. E. fiflli is typically transformed using pBR322. a plasmid derived from an £. call species (see. 
e.g.. Bolivar staL fifiDfi. 2: 95 [1977)). pBR322 contains genes for ampioHBn and tetracycline resistance and thus 
provides easy means for identifying transformed cells. The pBR322 plasmid, or other microbial plasmid or phage, 
must also contain, or be modified to contain, promoters that can be used by the microbial organism for expression 

25 of the selectable marker genes. 

Those promoters most commonly used in recombinant DNA construction include the Mactamase 
(penicillinase) and lactose promoter systems (Chang eiaL mm. 2ffi: 615 [1978]; Itakura filaL Science. 122: 
1056 (19771; Goeddel aUL Nature. 211: 544 [1979]) and a tryptophan (up) promoter system (Goeddel filaL 
H l^ArirteRes.. fl: 4057 (19B0]; EPO Appl. PuM. No. 0036,776). Whae these are the most commonly used, 

30 other microbial promoters have been discovered and utilized, and details concerning their nucleotide sequences 
have been published, enabling a skilled worker to Hgate them functionally with plasmid vectors (see. e.g., Siebenlist 
etal. . Cell. 20:269 H9801). 

In addition to prokaryotes, eukaryotic microbes, such as yeast cultures, may also be used. SflCCtiarpniVCes 
cftfBvisiae. or common baker's yeast, is the most commonly used among eukaryotic microorganisms, although a 

35 number of other strains are commonly available. For expression in fafrtwromyces. the plasmid YRp7. for example 
(StinchcombfiLaL N alure 2B2: 39 (1979); Kingsman eJLaL fifiDfi, £ 141 (1979); Tschemper fiLfiL. fifiDfi, 1Q: 157 
|1980D, is commonly used. This plasmid already contains the fipl gene that provides a selection marker for a 
mutant strain of yeast lacking the ability to grow in tryptophan, for example. ATCC No. 44,076 or PEP4-1 
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(Jones, fifiQsfiCSt flfc 12 [1977]). Thepresenceofthetel ^onasa^ e Hstico(theyeasthcst re .. 8 eno,e 
Ln provides an effective environment for detecting transformatton by growth in the absence of tryptophan. 

Suitable promo** sequences in yeas, vectors Indude the promoters for 3-phosphoglycerate lonase 
(Hitman f&aL JJiMm. 25* 2073 (1980D or other glycolytic enzymes (Hess sLaL ^ F ™ ReC " 
5 7- 149 H968V Holland tf^'flgctamiAl ffi 4900 I.197BD. such as enolase. g.yoeraldehyde-3-phosphate 
*hydrogenass. hexoldnase, pyruvate decarboxylase. prx>sphofnx*ok^. gfocose^phosphate isomerasa. 3- 

rcoIZcbng suitable expression plasm**, the term^on seances associated with these genes are also 
p^ted '.to the expresson vector 3' of the sequence desired to be expressed to provide po^denyiafion ct^ 

10 La and terminator, Giher promotars. wNc* have the additional advantage o« transcription corded by 
n.owth conditions, are the promoter region for alcohol dehydrogenase 2, isccylochrome C. acid phosphatase 
^ve enzymes associated with nitrogen metabolism, and me aforementioned ^ y cera,dehyde-3-phosphate 
dehydrogenase, and enzymes responsible .or mattose and galactose utilization. Any ptasmid vector contammg 
veaswompatible promoter, origin of replication and termination sequences is suitable. 

1S .na^tomk^rgartsms.^ 
hosts, hprindpte.ar^cen^ 

interestnasteen^reatest * vertebrate cetts, and propagation of vertebrate ceHs in cu«ure (tissue^ has 
become a routine procedure in recent years ffismCjto. Academic Press. Kruse and Patterson, edited 

,0 (1973)1 " Examples of such useful host ceU lines include monkey kidney CV1 Sne transformed by SV40 sequels 
(COS-7 *TC*(^i65l);humanenib^ 

hamster kidney celis (BHK, ATCC CCL 1 0): Chinese hamster ovary cells (Urtaub and Chasin. EasJM^adJiSL 
USA.21- 4216 (1980)); mouse sertoB eels (TM4, Mather, MJtowL 2* 243-251 (1980)); monkey kidney 

^(cvIatcc^ 

25 ^nomac^^ 

3A, ATCC CRL 1442); human tungcetts (W138. ATCC CCL 75); human fiver cells (Hep 62. HB 8055); mouse 
mammary tumor cells (MMT 060562, ATCC CCL51 ); rat hepatoma eels (HTC, M1 54, Baumann £LaL iLSslL 
ffipLfiS; 1-8 (i980));andTRI(teBs(Mather S L a L ann^ NY fttad . M . , W-«<* (1982)). The most 
preferred eukaryofic host herein for stable expression is a Chinese hamster ovary cell fine and for transent 
30 expression is the 293 cell line and tor transient expression is the 293 cell ine. 

Expression vectors for such cells ordinarily will contain control regions, which are specific sequences at 
the 5' and 3" ends of eukaryotic genes that may be Involved m the control of either transcription, RN A processmg. 
or translation. At the * end of most eukaryotic genes is an AATAAA sequence that signals processing of the 
mRNA for potyadenytafion addition. 
35 Thus me vector will typic*y include a promoter located in front of the gene to be expressed. 

potyadenytafion sites, and transcriptional terminator sequences, all described in further detail herein. The vector 
may optional* also Inckxte an ori^^^ Furtter.tlte vector may contain, after the promoter, a 
inscription InMation site located in front of an optional splice unit, which is in turn located before the encoding 
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For use h mammalian cells, the control funclions on the expression vectors are often provided by viral 
matert al. For exam«e. common* used promoters are derived from the genomes of polyoma. Adenovirus 2, 
retroviruses, cytomegalovirus, and most frequency Simian Virus 40 (SV40). Other promoters are those frm 
Loiooous sources, e*. the beta acfin promoter. The early and late promoters of SV40 virus are parody 
5 useful because both are obtained easHy from the virus as a fragment that also contains the SV40 vira. origin of 
~ replication [Rers filaL Halurfi. 223: 1 13 (1978)]. SmaUer or larger SV40 fragments may also be used, prodded 
there Is included the approximately 250-bp sequence extending from the ModM site toward the fiflll site located 
inthe viral origin of replication. The immediate earty promoter of the human cytomegatovirus is converuently 
obteired as afJadlllrestdcBon fragment Greenaway ^2^16:355-360(1982). Further, fj is also 
10 possible, and often desirable, to utilize promoter or control sequences normaHy associated with the desired gene 
sequence, provided such control sequences are compatible want* host cell systems. 

Transcription of a DNA encoding the NPRB by higher eukaryotes Is increased by inserting an enhancer 
sequence into the vector. The enhancer is a cis-acting element of DNA, usually about from 10 to 300 bp. that acts 
on a promoter to enhance Its transoriptMatton activity. Enhancers are relatively orientation and position 
15 independent having been found 5" (Lafrlns sULProc M Apart. Sci. USA.2&: 993 (1981)) and 3' (Lusky ejaL 

well as within the codfcg sequence itself (Osborne ^MJZWl.* 1293 (1984)). Preferably, however, the 
er^retementislocaledups^ Many enhancer sequences are 

r^l^frommammana.flen^^^ 
20 useanermar^rfromaeuteryoficcollvirus. Examples Wude the SV40 enhancer on the tate side of therepf^on 
origin (bp 1 00-270). the cytomegalovirus early promoter enhancer, the polyoma enhancer on the late s,de of the 
replication origin, and adenovirus enhancers. Most preferred herein is the SV40 enhancer region. 
K . . «.,;„^K«riomiiafinn rites. Examples of 



25 



30 



35 



polyadenytatJon regions are those MmtUmMw****™****"*"™' 

An origin of replication may be provided either by construction of me vector to Include an exogenous 

origin ^umv^^^^^^^^^^^'^^^^ 
provided by the host cell. If the vector is integrated into the host cell chromosome, the latter Is often sufficient 

The expression vectors may suitably contain a selection gene, also termed a selectable marker. A 
selection gene encodes a protein necessary for the survival or growth of a host cel. translormed with the vector. 
Examples of suitable selectable markers for mammalian cells include dihydrofotate reductase (DHFR), thymine 
kinase (TK), or neomycin. When such selectable markers are successful transferred into a mammalian host cell, 
the transformed mammalian host cell can survive il placed under selective pressure. 

There are two widely used distinct categories of selective regimes. The first category Is based on the 
metabolism otacell and the use ofamutant cell fine that^ 

medium Two examples are CHO DHFR" cells and mouse LTK* cells. These cells lack the ability to grow without 
the addition of such nutrients as thymidine or rrypoxanthine. Because these cells lack certain genes necessary for a 
complete nucleotide synthesis pathway, they cannot survive unless the missing nucleotides are provided in a 
supplemented medium. An alternative to supplementing me medium is to mlroduce an intact DHFR or TK gene 
Wo cetls lacking the respective genes, thus altering their growth requirements. Individual cells that were not 
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DHFRpmBB •«*»«• »««"»!» ' successful mnsfeeKin 

•^*°H^«»oen^.*»«^ 

^2on 8 su*u»U»..»lS3CH 0 »*eH«1(«CCN..Ca6,). BM« 

™-.*».leveBe»eMther. One seOTBrfCc^sewneec.iroeisesd^c^ teducHsefjHmi.™ 
30 ^^Z^ce^P^.^-^^-^^ 0 ' 
expression by control of the MTX concentrafion. 

* Vector Constructor. . . , 
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protruding ends are made flush by the 5' to 3" polymerase activity incorporating complementary nucleotides until 
the end of the fragment is reached. 

Size separation of the cleaved fragments may be performed using 6 percent polyacrylamide gel 
described by Goeddel rial NlinK- Ariris Res.. B: 4057 (1980). 
5 For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures are typically 

used to transform E.M K12 strain 294 (ATCC 31.446) or other suitable Refill strains, and successful 
transformarts selected by ampiciDin or tetracycline resistance where appropriate. Plasmids from the 
transformants are prepared and analyzed by restriction mapping and/or DNA sequencing by the method of 

Messir^fil^NUfasitA^ 
10 After introduction of the DNA into the mammalian eel host and selection In medium for stable 

transfectants. amplification of DHFR-protein-coding sequences is effected by growing host cell cultures in the 

presence of approximately 200-500 nM concentrations of methotrexate, a competitive inhibitor of DHFR activrty. 

The effective range of concerrtration is MgNy dependent, of course, upon the nature of the DHFR gene and the 

characteristics of the host. Clearly, generally defined upper and tower limits cannot be ascertained. Suitable 
15 corK*ntratkmsofo1r«^ 

hovrcver.converfentreadi^ 

prior to the examples. 

B. Extracellular Domain (Soluble NPRB) 

Vectors expressing the extracellular domain of the NPRB may be constructed using the DNA sequence 
20 inFigurel. The extracellular NPRB domain contains about 433 amino adds corresponding to Figure 1 amino adds 

1 to about 433. 

C. cytoplasmic Domain 

Vectors expressing the cytoplasmic domain of the NPRB may be constructed using the DNA sequence of 
Rgure 1. The cytoplasmic NPRB domain contains about 569 amino adds corresponding to Rgure 1 amino adds 
25 from about 457 to 1025. The cytoplasmic domain contains the guanylyi cyclase and protein kinase activities. 

D. Fusion Proteins 

Fusion proteins containing Ihe extracellular, cytoplasmic or the transmembrane region of the NPRB may 
be prepared using the DNA sequence of Rgure 1. m addition, fusion proteins may be prepared with other 
transmembrane regions such as decay accelerating factor membrane anchor region (CaraSfilaL Science 238. 
30 1280-83.1987) to fadlitate membrane binding by the extracellular region. The extracellular region may be fused 
to other cytoplasmic regions, such that of NPRA. The cytoplasmic region may be fused to any extracellular ligand 
binding receptor, tor example the extracellular region of NPRA. 

Hfrnrliffltion Assays . 

The DNA of Rgure 1 may be used in hybridization assays to detect the presence of DNA encoding NPRB 
35 orotherretatedreceptorencodingDNA Hybridization of nucleic adds is a well developed art wherein techniques 
used to isolate a DNA sequence may also be used to diagnosfcally screen tor the presence of a DNA sequence. 
(Pennica slaL P.NAS. Si 6060. 1985) Additional methods are described in Current Protocols in Molecular 
Biology. Vol 2, John Wiley & Sons, New York, 1989. Chapter 14. 
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^prBsenceofmR^ 
K.bridMna adetectible DN A probe oonbining anucfeotkle sequence from Rgure 1. The probe must be 

^prcben^lnc^ 
nucteofttes. ., 

^^ducfionofm*^ 

^ are fcnmurfced aganst the frnmunoger* conjugates or derivatives by coming 1 mg or 1 mg ol 
conjugate (.or rabbits or mice, redely) with 3 volumes o« Freurrfs compete adjuvant and injecting the 

20 oftanjugate h Frpunffs complete adjuvant by subcutaneous injection at multiple sites. 7 to 14 

LlZHnd the serum is assayed for anti-NPRB titer. Animals are boosted unfit the bter plateaus. PreferaHy. 

r^a^remc^r^agent. Co^tesaisocan te mad,,recom^ntce U ^reaspro teI n 
fusions. Also aggregating agents such as alum are used to enhance the immune response. 

^cefismcon^n*^^ 

Cones e5 ^^ s ^ e a ^ n (fiagnostic ^ * NPRB or its antibodies. The antibodies are labelled 
inthesan.fash^asNPRBdesa^ tnoneembodmentofa 

anfibody composition in order to adsorb a. natriuetic protein family members, and then the immobtaad family 

identifiable as specific tor a p^etermined tamOy member, as by unique iabels su* as dscrete . 
35 fluorophoLortheiKe. By determine the presence and/or amount o, each u*o.ue label, the reiabve proporton 
and amount of each family member can be determined. 

NPRB antibodies also are useful for the affinity purification of NPRB from recombinant cell culture or 
natural sources. mml^MntlWaomm**™*™™***** 
NPRB free from these ofter family members. 
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Suitable diagnostic assays for NPRB and its antibodies are well known per se. In addition to the 
bioassay described above, competitive, sandwich and steric inhibition immwoassay techniques are useful. The 
competitive and sandwich methods employ a phase separation step as an integral part of the method while steric 
inhibition assays are conducted in a single reaction mixture. Fundamentally, the same procedures are used for the 
5 assay of NPRB and for substances that bind NPRB, although certain methods will be favored depending upon the 
molecular weight of the substance being assayed. Therefore, the substance to be tested is referred to herein as 
an anatyte, irrespective of its status otherwise as an antigen or antibody, and proteins which bind to the analyte 
are denominated binding partners, whether they be antibodies, cell surface receptors or antigens. 

Analytical methods for NPRB or its antibodies aU use one or more of the following reagents: Labelled 
10 analyte analogue, immobilized analyte analogue, labelled binding partner, immobilized binding partner and steric 
conjugates. The labelled reagents also are known as tracers". 

The label used is any detectable functionality which does not interfere with the binding of analyte and its 
tinting partner. Numerous labels are known for use in immunoassay, examples inducing enzymes such as 
horseradish peroxidase, radioisotopes such as 14 C and 13 H fluorophores such as rare earth chelates or 
1 5 fluorescein, stable free radicals and the like. Conventional methods are available to covalently bind these labels to 
proteins or polypeptides. Such bonding methods are suitable for use with NPRB or Its antibodies, all of which are 
proteinaceous. 

Immobilization of reagents is required for certain assay methods. Immobilization entails separating the 
binding partner from any analyte which remains free in solution. This conventionally is accomplished by either 

20 insolubitizing the binding partner or analyte analogue before the assay procedure, as by adsorption to a water 
insoluble matrix or surface (Bennich et aL US. 3,720,760), by covalent coupling (for example, using 
glutaraldehyde cross-linking), or by insolubilizing the partner or analogue afterward, e.g., by immunoprecipitation. 

Other assay methods, known as competitive or sandwich assays, are well established and widely used in 
the commercial diagnostics Industry. 

25 Competitive assays rely on the ability of a labelled analogue {the tracer) to compete with the test 

sample analyte for a limited number of binding sites on a common binding partner. The tending partner generally is 
insolubilized before or after the competition and then the tracer and analyte bound to the binding partner are 
separated from the unbound tracer and analyte. This separation is accomplished by decanting (where the binding 
partner was preinsolubilized) or by centrifuging (where the binding partner was precipitated after the 

3 0 competitive reaction). The amount of test sample analyte is inversely proportional to the amount of bound tracer 
as measured by the amount of marker substance. Dose-response curves with known amounts of analyte are 
prepared and compared with the test results in order to quantitatively determine the amount of analyte present in 
the test sample. These assays are called EUSA systems when enzymes are used as the detectable markers. 

Another species of competitive assay, called a "homogeneous' assay, does not require a phase separation. 

3 5 Here, a conjugate of an enzyme with the analyte is prepared and used such that when anti-analyte binds to the 
analyte the presence of the anti-analyte modfies me enzyme activity. In this case, NPRB or its immunologically 
active fragments are conjugated with a Afunctional organic bridge to an enzyme such as peroxidase. Conjugates 
are selected for use with antl-NPRB so that binding of the anti-NPRB inhibits or potentiates the enzyme activity 
of the label. This method per se is widely practiced under the name of EMIT. 
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bioassay described abave, 

to particularly pages 10.1 1 .1 to 1 0.17.1 . 
35 the oresence of tt*e natriuretic peptides In biological fluids. 

such as 32 P or alkaline phosphatase, and assaying forthe presence ollaDeieocomp.e 
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objectives may be accomplished using ordinary skill in the art as described In Current Protocols In Molecular 
Biology, 1 and 2. John Wiley & Sons, New York, 1989, particularly chapters 1 1 and 14. 

Ligands which bind to NPRB, such as ANP, BNP, CNP, fragments of ANP, BNP and CNP, antbodies, 
or analogs of the natriuretic peptides which bind to NPRB are anticipated to function as activators of NPRB 
5 functions such as guanyiyl cyclase and protein kinase. Analogs of the natriuretic peptides, antibodies specific for 
NPRB and ligands which bind to NPRB may also function as inhibitors of natriuretic peptide binding to PRB, 
thereby acting as inhibitors of NPRB activity. 
JhPrpafiemic lises of NPRB 

The NPRB is predominantly located in the central nervous system. Therefore, it is believed that the 
10 NRPB is involved in CNS modulation of homeostasis and regulation of ANP, BNP and CNP activity in the brain. 
Among the functions are cardiovascular hemeostasis, blood volume, electrolyte composition, and thirst 

The mammalian NPRB may be useful in the treatment of various pathological disorders associated with 
excess atrial natriuretic peptide or excess brain natriuretic peptide, or excessive amounts of any peptide which 
binds with high affinity to NPRB. In such cases, NPRB. or a fragment containing the extracellular binding region, 
15 in an acceptable pharmaceutical composition is administered to a mammal in a therapeutically effective dose to 
reduce excessive circulating levels of the natriuretic peptide. Alternatively, the administration of NPRB in 
combination with either or both atrial, brain and type C natriuretic peptides may increase iQJto stability and 
efficacy of the natriuretic peptides. The mammal may be human, cow, pig, horse, sheep, goat, dog, cat, monkey, 
whale, rabbit, rat or mouse. 

20 The NPRB molecules herein have a number of therapeutic uses associated with the binding to natriuretic 

peptides. Such uses include the treatment of kidney failure, heart failure, hyperaktosteronism, glaucoma, CSF 
imbalance, edema or hypertension related disease conditions. Particularly of interest are patients suffering from 
recurrent or chronic disease states induced or maintained by excessive production of ANP, BNP or CNP. 
Furthermore, NPRB can be used as a means of preventing side effects of other hypertensive regulators when they 

25 are used as pharmaceuticals or used in combination with such regulators, depending on the particular clinical 
scenario. 

pharmaceutic^ Preparations 

For the indications referred to above, the NPRB molecule wiH be formulated and dosed in a fashion 
consistent with good medical practice taking into account the specific disorder to be treated, the condition of the 
30 Individual patient, the site of delivery of the NPRB, the method of administration, and other factors known to 

practitioners. Thus, for purposes herein, the therapeutically effective amount* of the NPRB is an amount that is 
effective either to prevent, lessen the worsening of, alleviate, or cure the treated condition, in particular that 
amount which is sufficient to antagonize the activity of an atrial or brain natriuretic peptide in vivo. 

The NPRB is prepared for storage or administration by mixing NPRB having the desired degree of 
35 purity with physiologically acceptable carriers, excipients, or stabilizers. Such materials are non-toxic to 

recipients at the dosages and concentrations employed. If the NPRB is water soluble, it may be formulated in a 
buffer such as phosphate or other organic acid salt preferably at a pH of about 7 to 8. If a NPRB variant is only 
partially soluble in water, it may be prepared as a microemulskm by formulating it with a nonionic surfactant such 
as Tween, Pluronics, or PEG, e.g., Tween 80, in an amount of 0.04-0.05% (w/v), to increase its solubility. 
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parDaes ana miyu* critahip material for this purpose is a polylacbde, 

• ■ j * ik n^K^rch^ide thai may be used includes, tor example, 
oc MthP nroDer viscoaty to be applied topically. The ptfysaccnanoe toi may ^ 
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locust bean gum; gun arable; tragacanlh gun; and karaya gun; and derivatives and mixtures thereof. The 
preferred gelling agent herein is one that is inert to biological systems, nontoxic, simple to prepare, and not too 
ninny or viscous, and will not destabilize the NPRB held within it 
5 prefe^yttepolysattharideisa™^ 

defined, purified, and listed in USP, e.g.. methytcellutose and the hydroxyalkyt cellulose derivatives, such as 
hydroxypropyl cellulose, hydroxyethyl cellulose, and hydroxypropyl methylcellulose. Most preferred herein is 
methylcellulose. 

The polyethylene glycol useful for gelling is typically a mixture of tow and high molecular weight 
10 polyethylene glycols to obiain the proper viscosity. For example, a mixture of a polyethylene glycol of molecular 
weight 400-600 with one of molecular weight 1500 would be effective for this purpose when mixed in the proper 
ratio to obtain a paste. 

The term "water soluble" as appfied to the polysaccharides and polyethylene glycols is meant to include 
colloidal solutions and dispersions. In general, the solubility of the cellulose derivatives Is determined by the degree 
15 ol substitution of ether groups, and the stabilizing derivatives useful herein should have a sufficient quantity ot 
such ether groups per anhydroglucose unit in the cellulose chain to render the derivatives water soluble. A degree 
of ether substitution of at least 0.35 ether groups per anhydroglucose unit is generally sufficient Additionally, 
the cellulose derivatives may be in the form ol alkali metal salts, tor example, the ti, Na, K, or Cs sails. 

II methylcellulose is employed in the gel. preferably it comprises about2-5%. more preferably about 3%. 
20 ol the gel and the NPRB is present in an amount of about 300-1000 pg per ml ol gel. 

The dosage ol NPRB to be employed is dependent upon the factors described above, especially the type 
of disease being treated. As a general proposition, a dose of about 0.015 to 15 mg/kg of NPRB may be 
administered to the patient whether via, e.g. one or more single administrations, continuous infusion, or bolus 
injection. For example, an Initial dose of the NPRB is administered to the patient by Injection or infusion. For 
25 repeated administrations over several days or longer, depending on the condition, the treatment Is repeated until a 
desired suppression of disease symptoms occurs. However, other dosage regimens may be usey. 

According to another embodiment ol the invention, the effectiveness ol the NPRB may be improved by 
administering it serially or in combination with another agent that is effective for this purpose, such as one or more 
conventional therapeutic agents such as. for example, in combination with one or more of the natriuretic peptides. 
30 Such other agents may be present in the composition being administered or may be administered separately. 

The mature natriuretic peptide is administered simultaneously with the NPRB. whether in the same 
formulation or in separate administrations to the same locale such as a vein. Preferably, the natriuretic peptide 
and NPRB are mixed together before administration. II the complex is unstable, the ingredients are mixed 
together in approximately equimolar amounts just before administration. If the complex is stable, the natriuretic 
35 peptide and NPRB are mixed together and the inactive complex is purified away from the reaction mixture and the 
purified material is administered. 

m order to simplify the examples and claims, certain frequently occurring methods will be referenced by 

shorthand phrases. 
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Transtech- refers to the taking up of an expression vector by a host cel. whether or not any coding 
^nces are in fact expressed. Numerous methods of transaction are known to the ord inarily 
S?^SSr rafi on. successy transfection Is generaly recognized when any rctotion of the 

operation of this vector occurs within the host cell. 
5 transformation- means introducing ONA into an organism so that the DMA is replkable. either as an 

" exiradiromosomal etemem or by chromosomal inter/ant Depending on toe host cel. used, transformation is done 
^m™**^**^* 9 * 0 * The calcium treatment employing calcium chloride, as 
described by Cohen. S.N.Pmf M. ML^m.***^™^*-*****™ 

and more recently Lflestrom filaL SfiDfi. 241-246 (1985). is generally used for prokaryotes or other 

Ltrttcor^subs^ 

predion method of Graham, F. and van der Eb, A. Bto 5* 456^57 (1 978) is preferred. Genera. 
aZcteofmamnral^cefih^ 

issued August 18. 1983. Transformations into yeast are typ.ca.ly carried out according to the method of Van 
Sofingen P.. fiUL JJfcCL 13fl: 946 (1 977) and Hsiao. C.L. fiUL PlT* WJ&*U& W » 3829 
(1979). However, other methods for trrtrodudng DNA into cete such as by nuclear injection or by protoplast 
fusion may also be used 

■Operabty linked* refers to juxtaposition such that the normal function of the components can be 
performed. Thus, a coding sequence 'operably anted" to control sequences refers to a configuration wherein toe 
cod- sequence can be expressed under me control of these seances and wherein the DMA sequences teng 
anted are caucus and. * toe case of a secretory leader, contiguous and in reading phase. For examprfe. DNA for 
a presequence or secretory leader is operabty tinted to DNA for a polypeptide if it is expressed as a preproteln 
that participates in the secretion of the polypeptide; a promoter or enhancer is operabty linked to a coding 
sequence If 1 effects the transcription of the sequence; or a ribosome binding site is operabty finked to a codmg 
sequence if It Is positioned so as to facilitate translation. Linking is accomplished by ligation at convenient 
restricti on sites. If such sites do not exist then synthetic ofigonucteotide adaptors or linkers are used in accord 

with conventional practice. 

Control sequences" refers to DNA sequences necessary for the expression of an operably linked coding 
sequereeinapartotohostorganism. The control sequences that are suitable tor prokaryotes. for example, 
include a promoter, optionally an operator sequence, a ribosome torxing site, and possibty, other as yet poorly 
understood sequences. Eukaryofic cells are krx^n to utifize promoters, polyadenytatton signals, and enhancers. 

•Expression system' refers to DNA sequences containing a desired coding sequence and control 
sequences in operable linkage, so that hosts transformed with these sequences are capable of producing the 
encoded proteins. To effect transformation, the expression system may be included on a vector, however, the 
relevant DNA may then also be Integrated into the tost chromosome. 

As used herein, W tell tine,' and 'cell culture' are used rntercnangeably and all such designabons 
include progeny. Thus. transformants« or 'transformed cells' includes the initial transformant and cultures 
derived therefrom without regard for the number of transfers. It is also understood that all progeny may not be 
precisely identical in DNA content, due to deliberate or inadvertent mutations. Mutant progeny that have the same 
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functionaOty as screened for in the originally transformed cell are included. Where distinct designations are 

intended, it will be dear from the context 

'Plasm ids" are designated by a lower case p preceded and/or followed by capital letters and/or 

numbers. The starting piasmids herein are commercially avaSabie, are publicly available on an unrestricted basis, or 
5 can be constructed from such available piasmids in accord with perished procedures. In addition, other equivalent 

piasmids are known in the art and will be apparent to the ordinary artisan. 

The technique of *PCR" (30) as used herein generally refers to the following: Minute amounts of a 

specific piece of DNA can be amplified using the polymerase chain reaction (PCR) as described in U.S. Pat No. 

4,683,195 issued July 28, 1987. Generally, sequence information from the ends of the stretch of interest or 
1 0 beyond needs to be available, such thai oligonucleotide primers can be designed; these primers will point towards 

one another, and will be identical or similar in sequence to opposite strands of the template to be amplified. The 5* 

terminal nucleotides of the two primers will coincide with the ends of the amplified material. PCR can be used to 

amplify specific DNA sequences from total genomic DNA, cDNA transcribed from total cellular RNA, 

bacterioohage or piasmid sequences, etc See generally H. Erlich, ed, PCR Technology. Stockton Press, NY, 
15 1989. 

"Digestion' of DNA refers to catalytic cleavage of the DNA with an enzyme that acts only at specific 
nucleotide sequences in the DNA. Such enzymes are called restriction enzymes, and the sequence for which each is 
specific is called a restriction site. The various restriction enzymes used herein are commercially available and 
their reaction conditions, cofactors, and other requirements as established by the enzyme suppliers are used. 

20 Restriction enzymes commonly are designated by abbreviations composed of a capital letter followed by other 
letters representing the microorganism from which each restriction enzyme originally was obtained and then a 
number designating the particular enzyme. In general, about 1 mg of piasmid or DNA fragment is used with about 
1-2 units of enzyme in about 20 mi of buffer solution. Appropriate buffers and substrate amounts for particular 
restriction enzymes are specified by the manufacturer. Incubation of about 1 hour at 37°C is ordinarily used, but 

25 may vary in accordance with the supplier's instructions. After incubation, protein is removed by extraction with 
phenol and chloroform, and the digested nucleic add is recovered from the aqueous fraction by precipitation with 
eihanol. When appropriate, digestion with a restriction enzyme is followed by bacterial alkaline phosphatase- 
medated hydrolysis of the terminal 5' phosphates to prevent the two ends of a DNA fragment from 
"circularizing' or forming a closed loop that would impede insertion of another DNA fragment at the restriction 

30 site. Unless otherwise stated, digestion of piasmids is not followed by 5' terminal (^phosphorylation. Procedures 
and reagents for de phosphorylation are conventional (T. Maniatis £LaL 1982, Molecular Cloning : A Laboratory 
Manual (New York: Cold Soring 
Harbor Laboratory, 1982) pp. 133-134). 

Conditions for DNA: DNA hybridization may be low stringency or high stringency. NPRB DNA may be 

35 used under low or Ngh stringency condfflon to detect the presence in a biological sample of DNA encoding NPRB. 
Conditions for such hybridization may be found in Penntca et aL PNAS, USA, Vol. fl2, 6060 (1 985); Gray etal.. 
PNAS, USA, VoL fifl, 5842 (1983); and Toole fiUL Nature, Vol. 2L 342 (22 Nov. 1984). 

"Recovery" or 'isolation* of a given fragment of DNA from a restriction digest means separation of the 
digest on polyacrylamide or agarose gel by electrophoresis, identification of the fragment of interest by 
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£4057 (1980). ^^oc»»r hands between fcwo double stranded nucleic 

acid fragments (T. Manlafisfilali 1982, SUECS. P- Hiaase*) per 05 WJ ot approximately 

unknown butters ar* condtions *th 10 units of T4 DNA .Kpse C^gase ) pe 

eo^aramounKot^^^^ ^ 
•Preparation* ot DNA from transformants means isolating pwsn 
_ a»SDS method of Maniatis siaL 1932. ssa. P- *>. may be used. 

10 ^ ^^r^-^ .ngfc- or dou.e- stranded pofrdeo*^*-. that are 

W nucteo«es are ^^Tphospholriester. phospWte, oc phosphorate chemistry. 

15 ^ r^^a^^e.s^ce^ 
but the invention is not to be considered limited thereto. 

Tbe DNA nucleotide sequence encoding NPRB beaiming of each line and amino acids are 

20 ^ NPKB fcc^osed * Rgure t . Nudeotides a. ^^^^ 912 to ^ , end are trom 

20 „ • M-riaoHdes no 911 are trom a genome done,nuc«eotiaeai-:»B«; 

numbered above the sequence. Nucteobdes » predicted first 

over aml» ro»ra= ri ^ m ^ ! „ WB ^ W asoli<l(lolab<i«elMseq"™*- 

35 rrr crr™-^---*-^ 



PCT/US90/03586 

WO 91/00292 



25 



EXAMPLE 2: S ™^° ^^.^o*,., The predicted amino acid 

^ sp**** bound t^e Wd »». !^ „ ^ ttss to ,125^ (Tacte 

BMiconWIoeK (table 1). pto1elM«»«pec«5cactiv«»ol| IHWriaJ 

^Wconaolcdiwcytomegaovta.0^^ 

7 ™o,.o^ S eaoWMsdele»^(=^^~«^ lnim,8a,on - WM ' te * OT 

• jAief KarHrarin^ and incubated with 0J5nM ['"IJ-ANP (iBOu 
(PBS with 0 2% bovine serum albumin and 0.1 .% bacrtracm) ana mcuoa 

° a 2 mi butter A at room temperature for 1 nr. Follow.no 

C^mole.Amersham)orl j 2ml0 .0.2MNaOH and radioactive was 

the incubation, cells were nnsed with cold PBS. ana aissowea 
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measued in gamma comter. -All measurements were in triplicate. Background binding was measured by incubating 
the cells with [ 125 Q-ANP or 125,j . pB NP in the presence of imM ANP or pBNP, respectively. Specific fa.nd.ng 
in table 2 was calculated by subtracting the background binding from the total binding. 

Table 2 

5 Particulate guanytyl cyclase activity and natriuretic peptide binding of transfected COS-7 cells. 
BBsaam B uamM tam ' SaesM Blntling (cpm)S 
iteSte! (pmolecGMP/minrtngproteB.) [125fl-ANP *l25|]-pBNP 



0.33 ±0.01 3.240 ± 223 1,087 ± 164 

. 3^0 ± 0.01 10,694 ±1412 3.643 ± 26 



Control 
10 pRK-NPRB 

pRK-NPRA 1J9UOJ01 10,313±893 5.721 ±1107 



EXAMPLE 4: ACTIVITY OF NPRB 

UgarcWependent activation of the cytoplasmic guanylyl cyclase (GC) domains of the human NPRB and 

15 NPRA receptors was examined in transient expression whote^el stimulation assays. In Figure 3. the natriuretic 
peptide stimulation of cGMP production is shown. COS-7 cells transfected with pRK (control; panel C). human 
NPRA expression vectors (panel A), or human NPRB receptor expression vector (panel B) were either not 
treated (panel C) or stimulated with 500 nM porcine BMP (BNP) or human ANP (ANP) far 5 minutes. Results 
are expressed as the mean amount of cGMP (pmoles) per culture ± standard deviation for 3 independent 

20 determinations. 

The GOS-7 cells were seeded at a density of 1.x Cecils per well in a 60mm plate with high glucose 
DMEM plus 10% heat inactivated tfialyzed calf serum and maintained for 12 hours at 37* C. in 7%, 93% air. 3 mg 
of plasmid DNA was transfected with 400 ngftri of DEAE-dextran in 2 ml of high glucose DMEM + 10% Nuserum 
(Giteo)tor4houra cats were shoc^ with 2W 
25 were maintained for 72 hours prior to stimulation. NorHreated cultures were incubated at 37* C in DMEM with 
25 mM Hepes pH7J2.0.1 nM IBMXat37* for 10 minutes, medium was aspirated and 6% trichloroacetic acid 
(TCA) was added. Stimulated samples were treated for an additional 5 minutes in the presence of 500 nM 
peptide before TCA treatment Samples were frozen at -20*C tor 1 nr. thawed at room temperature, and cell 
debris was removed by centrifugation at 2500 xg for 10 minutes. Samples were extracted once with 4 voJumes of 
30 water- saturated ether, briefly evaporated and assayed for cGMP as described in Table 2. 

Cells expressing the NPRA receptor responded alike to stimulation by either ANP or pBNP. with a 1.5 
to 2-fold increase in cGMP produced over control transfected ce«s (F«ure 3, A and C). Cells expressing the 
NPRB responded to ANP stimulation with a 3-told increase In cGMP synthesized as compared to control 
transferred cells. Quae sWdngry. pBNP gave a 9.7 fold increase In cGMP for the NPRB over pBNP treated 
35 control transfected cells (Figure 3, B and C). The pBNP Igand is 6.4-told more effective that ANP in the 
activation of NPRB receptor GC activity. When human BNP is compared with ANP in the whole cell stimulation 
assays, and there Is only 70% identity between human and porcine BNP as opposed to the high sequence 
conservation of ANP between species™. Although comparison of the predicted amino acid sequence from a 
partial porcine NPRB cONA to the human NPRB reveals 99% Identity for 736 residues, the response of these 
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receptors to their homotogous BNP ligands could be different. Nevertheless, the use of pBNP and ANP albws 

pharmacotoglcal discrimination between human NPRA and NPBB receptors via the magnitude of GC activator, 

EXAMPLE 5: CHARACTERIZATION OF NPRB 

Competitive binding of human NPRB wt** lacks the guanylyl cyclase and the protein kinase Intracellular 
5 NPRB region is shown In Figure 4. This truncated version of NPRB contains amino acids 1 -479 of Figure 1 . 

Competitive binding was measured with three unlabeled natriuretic peptides: porcine BNP, human CNP. and 

porcine CNP. each in competition with t25|-p.BNP. 

Dose response was determined in a recombinant cell ine expressing NPRB. The ceO fine was obtained by 

transfection of the 293 cell line with the plasmid pRKNPRB and a selection plasmid pNeoDHFR.(D.G.Lowe et at, 
10 Molecular & Cellular Biology L 2B45-2856 (1987)). Clones were selected in 0.4 mg/ml of G418 and cell lines 

expressir«NPRBldenWedtywl^ 

characterized tor dose responsiveness to four natriuretic peptides (ANP. pBNP. pCNP. hCNP). The 293 cells 
were plated out in 6-well tissue culture dishes 24 hours prior to stimulatioa Whole cell stimulation was earned 
out as described above in Example 4 except that slimulation was for 5 minutes at 37° C (Lowe fitaLEMBOfl. 

15 1377-1384. (1989))- The results are shown In Figure 6. 

Transient expression of NPRB was achieved in COScells by transfection using the lipolection technique 
(Stratagene) for transient expressioa Similarly. pRK NPRA and control plasmid pRK were introduced by 
transfeclion CeOs were then treated with 0.1 uM of Ine appropriate natriuretic peptides lor five minutes, then 
treated as described above for cGMP determination. Results are expressed as pmoles cGMPywel of ceOs (Figure 

20 7). The NPRB used contained five amino acid substitutions from rat NPRA which replaced human amino acids as 
follows: 

human nprb RftT SIIRSTmJTlQN 

Leu 655 Pr ° 
Asp 656 GkJ 

Val 663 

Tyr 664 Phe 
Val 682 Ala 
Scatchard analysis was used to determine the binding affinities of the natriuretic peptides for NPRB. 
An expression vector using pRK was constructed such that the NPRB lacked Its kinase and guanylyl cyclase 
domains. This mutation was effected by introduction of a termination codon at codon 480 of the mature NPRB 
protein. A recombinant cell fine expressing NPRB less the kinase and cyclase domains (BDKC) was developed by 
calcium phosphate transfection of 293 cells as desoibed above. These stable cell lines were screened for 
expression of BDKC by ttrxfing of porcine BNP which contained 26 amino acids ( 125 lpBNP(26D. To measure the 
dissociation constant (Kd) of 125|-pBNP from BDKC. increasing amounts of 125,. pB NP(26) were incubated 
wllh 10* cells in one ml of phosphate buttered saline ♦ 0.02% sodium azide ♦ 0.1% bovine serum albumin with 
(background binding) or without (total binding) 300nM pBNP(26). Binding was allowed to proceed to 
equilibrium by incubation tor two hours at room temperature (21° C). then bound 125,.pBNP(26) was separated 
from unbound by centrifugation for 7 minutes at 4» C. The supernatant was aspirated and the cell pellet was 
counted in a gamma counter for 125| quantitation. Background binding was subtracted from total binding to give 
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" r hinrfinnvs dose ol ^1-pBNA data was analyzed by the LIGAND program of 

„^ ^ te f, on *e Mils 
cofccM W aralyas ol «e NPRBOKC I 1 ""* YM30 membrane. A 

prow ol» raa«4inanl«ok«e i«eptt t"»*- 
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CLAIMS 

1 Isolated pure natriuretic protein receptor B. 

2. Natriuretic protein receptor B unaccompanied by associated native glycosylate. 

3 A DNA isolate encoding natriuretic protein receptor B. 

5 4 Nucleic acid capable ot hybridizing with nucleic acid encoding natriuretic protein receptor B. 

5. A recombinant expression vector comprising the DNA ol daim 

4 operably linked to a control sequence recognized by a host transfoimed by the vector. 

6. A composition of matter comprising a cell transformed with the 
recombinant expression vector ot dalm 5. 

10 7. The cell of daim 6 which is prokaryofic ceB. 

8. Theeellofclaim6whichiseukaryoticcell. 

9. The ceB of daim 8 which is mammalian ceB. 

10. The ceBof daim 9 which is a human embryonic kidney cell line. 
11 The cell of daim 9 which is a Chinese hamster ovary cell line. 

15 i 2 a process for producing natriuretic protein receptor B comprising constructing a vector which 

comprises DNA encoding natriuretic protein receptor B, transforming a host ceO wtth said vector, incubating said 
transformed cel. to express said natriuretic protein receptor B. and recovering said natriuretic protem 
receptor B from the transformed cell culture. 

13 The process of daim 12 wherein the receptor B is recovered form the cell cutlure medium 
20 14.. A pharmaceutical composition comprising a natriuretic protein receptor B and a pharmaceuticalty 

acceptable carrier. . 

15 . The pharmaceutical composition of daim 14 which addittonaUy comprises includes one of thefdlowrng: 

atrial, brain, or type C natriuretic protein. 

16. The pharmaceutical composition of claim 15 wherein the protein is human. 
25 17 The receptor of daim 1 which is human. 

m A method tor the treatment of a natriuretic peptide disorder in a mammal comprising admWstenng to 
the mammal the composition of daim 14 in a therapeutically effective amount. 

19 The method of daim 18 wherein the mammal is human 

20 A method for the isolation of natriuretic peptides comprising loading on an affinity chromatography 
30 column wherein natriuretic protein receptor B is bound to a carrier matrix, adsorbing a solution containing 

natriuretic peptide to the matrix bound receptor B, washing the adsorbed natriuretic peptide^eceptor main* to 
remove non-adsorbed material, and eluting the natriuretic peptide. 

21 A method for determining inhibitor binding affinity for natriuretic receptor B comprising contacting a 
natriuretic pepMe inhibitor with natriuretic receptor receptor B, and determining the comparative binding 

35 affinity of Ihe natriuretic peptide with receptor B. 

22 An antibody molecule having affinity tor natriuretic protein receptor.B. 

23 A method for deteding the presence ot natriuretic protein receptor B comprising contacting a 
detectabte ligand hawrg binding affinity for natriuretic protein receptor B and a test sample which may contam 
said receptor B. and determining the amount of detectable ligand bound. 
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24. The method of daim 23 wherein said ligand is selected from the following: polyclonal antibody, monoclonal 

^ rmeZfo^teaing the presence o. mRNA encode natriuretic protein receptor B in a otologic*, 
e^ctwhlchco^ 

5 cDNA a detectebte DNA probe comprise a DNA sequence from Figure 1 of greater than 14 nucleotides, and 3) 
determining the formation of DNA hybrids. 
26 The natriuretic protein receptor B that is NPRBDKC. 

z7 . The natriuretic protein receptor B that is NPRB: Pro**. Gluess. Lm*63. Phea*. Ala682. 
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Figure #3 
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